Screening enoxaparin tetrasaccharide SEC fractions for 3-O-sulfo-N-sulfoglucosamine residues using [(1)H,(15)N] HSQC NMR.
Heparin and heparan sulfate (HS) are important in mediating a variety of biological processes through binding to myriad different proteins. Specific structural elements along the polysaccharide chains are essential for high affinity protein binding, such as the 3-O-sulfated N-sulfoglucosamine (GlcNS3S) residue, a relatively rare modification essential for heparin's anticoagulant activity. The isolation of 3-O-sulfated oligosaccharides from complex mixtures is challenging because of their low abundance. Although methods such as affinity chromatography are useful in isolating oligosaccharides that bind specific proteins with high affinity, other important 3-O-sulfated oligosaccharides may easily be overlooked. Screening preparative-scale size-exclusion chromatography (SEC) fractions of heparin or HS digests using [(1)H,(15)N] HSQC NMR allows the identification of fractions containing 3-O-sulfated oligosaccharides through the unique (1)H and (15)N chemical shifts of the GlcNS3S residue. Those SEC fractions containing 3-O-sulfated oligosaccharides can then be isolated using strong anion-exchange (SAX)-HPLC. Compared with the results obtained by pooling the fractions comprising a given SEC peak, SAX-HPLC analysis of individual SEC fractions produces a less complicated chromatogram in which the 3-O-sulfated oligosaccharides are enriched relative to more abundant components. The utility of this approach is demonstrated for tetrasaccharide SEC fractions of the low molecular weight heparin drug enoxaparin facilitating the isolation and characterization of an unsaturated 3-O-sulfated tetrasaccharide containing a portion of the antithrombin-III binding sequence.